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Some Indications of Excess CQO; Penetration

near Cape Adare off the Ross Sea*

Chen-Tung Arthur CHEN

Abstract : The Antarctic Bottom Water (AABW) is generally believed to be formed in the
Weddell Sea. It contains little anthropogenic CO.. The role of the Ross Sea as a sink for ex-
cess CO: is perhaps even smaller as it contributes much less to AABW than does the Weddell
Sea. On the other hand, I have reported earlier that excess CO: is found on the shelf around
the Antarctica. Excess CO: is also found to penetrate rather deeply off Cape Adare at the
northwest corner of the Ross Sea. I report here more detailed analysis using the GEOSECS,
International Geophysical Year and the RV Polar Sea data.

1. Introduction

Thermohaline circulation transports warm
water poleward from low latitudes. As surface
waters cool, their capacity to absorb CO. from
the atmosphere increases and they act as a sink
for anthropogenic CO.. The ability of the North
Atlantic Deep Water to absorb the excess COq
has been demonstrated (CHEN, 1982, 1987) but
the situation is somewhat different in the
Southern Ocean where the Antarctic Bottom
Water (AABW) plays a mojor role. The AABW
is generally believed to be formed in the Weddell
Sea. Sea ice, however, blocks the air-sea ex-
change of gases thus limits the influx of excess
CO: to the surface water. The upwelled Weddell
Sea Deep Water (WSDW) dilutes the anthro-
pogenic CO; concentration in the surface water,
which then mixes with the Weddell Sea Shelf
Water and more WSDW to from AABW. Since
the WSDW probably was formed before indus-
trialization and the surface water is also defi-
cient in excess CO,, the AABW contains little
anthropogenic CO, (65 g mol kg™ (CHEN and
Poisson, 1984, PorssoN and CHEN, 1987). As a
result, the Weddell Sea is not a major sink for
excess CO; (CHEN and Ropman, 1990; CHEN,
1991).

The role of the Ross Sea as a sink for excess
CO: is perhaps even smaller as it contributes
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much less to AABW than does the Weddell Sea.
Recent data, however, indicates that freons
have penetrated throughout the shelf area and
have even appeared near the base of the conti-
nental slope at depths of 2.5 to 3.0 km. This is
a good indication of newly formed AABW (M
ICHEL et al., 1985; TRUMBORE et al., 1991)
which may carry some excess COs.

CHEN (1982) reported earlier that excess CO:
is found on the shelf around the Antarctica. Ex-
cess CO: 1s also found to penetrate rather deeply
off Cape Adare at the northwest corner of the
Ross Sea (CuEN, 1987; 1993a). I report here
more detailed analysis using the GEOSECS and
International Geophysical Year (IGY) data.
The R/V Polar Sea (JACOBS et al., 1989) CO:.
data are spaced too far apart vertically and can
not be used to estimate the excess CO: signal.
The chlorofluorocarbons (CFCs) collected dur-
ing the R/V Polar Sea cruise are, however, quite
usefull for tracing newly formed waters. To my
knowledge no other CO: or tracer data are avail-
able. The station locations are given in Fig. 1.

2. Method

The method of excess CO: computation and its
limitations have been described in detail else-
where (CHEN and MILLERO, 1979; CHEN and
Pyrkowicz, 1979; CHEN et al., 1982: CHEN,
1982, 1984: CLINE et al., 1985). The method in-
volves a back-calculation of the CO, concentra-
tion of a parcel of seawater to its initial
concentration at the sea surface by correcting
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Fig. 1. Station locations in the study area (V GEOSECS; @ IGY; [J Polar Sea).

for changes due to the decomposition of organic
material and dissolution of carbonate tests.

Specifically, the method assumes that a water
parcel maintains a fixed degree of saturation
with respect to atomospheric CO: at the sea sur-
face. Respiration and carbonate dissolution add
carbon dioxide to the water parcel after it sinks.
The respiration induced increase in CO: can be
calculated from the oxygen data using Redfield
ratio (REDFIELD et al., 1963) while CO. changes
due to carbonate dissolution can be calculated
from the alkalinity changes. By correcting the
CO: data for these changes, estimates can be
made of the CO: concentration of the water par-
cel when it was last in contact with the atmos-
phere. These back calculated CO: concentrations
of waters with various ages are then compared
with each other and with the contemporary sur-
face CO: concentrations to obtain the oceanic
CO: increase.

3. Results and Discussion

Fig. 2 shows the north-south cross-section of
excess CO; centered along 160°E based on IGY
data. The lower boundary of penetration is
taken as the level where the excess CO: signal

equals to 5 £ 10 umol/kg. The depth could be
up to 100 m to deep or 300 m to shallow because
of the vertical sample spacing and because of the
uncertainty in the method.

The thin broken line shows the minimum tem-
perature layer which is probably the modified
remnant of the isothermal layer produced dur-
ing the previous winter (FOSTER and CARMACK,
1976: WEIss et al., 1979). The excess CO: con-
tent falls between 20 and 30 £ mol/kg with an
average of 25 ¢ mol/kg in this layer.

The maximum temperature contour (broken
lines) is near the core of the Circumpolar Deep
Water (CDW) which is also at approximately
the same level as the maximum AOU (apparent
oxygen utilization) layer. Excess CO: does not
appear to penetrate deeply enough to reach the
core of the warm, old CDW. Also the deep and
bottom waters do not appear to contain signifi-
cant amounts of anthropogenic CO..

Temperature contours indicate that IGY 62
(at 60°3) is north of the Polar Front. Antarctic
Intermediate Water (AAIW), formed by strong
vertical convection, apparently carries anthro-
pogenic CO. with it more deeply north of the
Polar Front. The anthropogenic CO: penetrates
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Fig. 3. Excess CO: cross-section along 166°E.

less deeply at the more southerly stations due to
the upwelling of the old CDW, evidenced by the
upwardly concaved structure of the maximum
temperature contour. The CDW pushes upward
on and disperses the younger Antarctic Surface
Water (GORDON et al., 1977, 1984). As a result,
the excess CO: penetrates less than 300 m be-
tween 61 and 66 °S.

South of IGY 54, however, the maximum tem-
perature contour deepens again and intersects
the bottom at IGY 336 and 337 near Cape Adare.
This is an indication of some downwelling of the

fresher, newly cooled seawater. Excess CO: also
penetrates to near the bottom at these stations
which are located on the upper continental slope.

Figure 3 shows the excess CO. values at
roughly 166° E based on IGY and GEOSECS
data. Excess CO: penetrates deeper north of the
Polar Front near IGY 365. South of the Polar
Front the contour concaves upward due to
upwelling of CDW but deepens at the southern-
most sation, IGY 373. No excess CO: is evident
in the bottom layer.

Figure 4 shows the west-east cross-section of
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Fig. 5. Temperature, salinity, AOU and excess CO: at IGY 337.
excess CO. concentration along roughly 69° S IGY 339 sits on the lower continental slope
based on IGY and GEOSECS data. All stations with a water depth of 3350 m. No excess CO;
are south of the Polar Front, and all stations, could be detected below 250 m at this station
except for IGY 337, have a water depth deeper (Fig. 4). In fact, all stations except IGY 337 in
than 1000 m. As mentioned earlier, the excess the cross-section show rather shallow excess

CO: penetrates to near the bottom at IGY 337 on CO: penetration.
the upper continental slope. Circulation and hydrography in the vicinity of
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Fig. 6. CFC 11 and CFC 12 concentrations plot-
ted vs. AOU based on the Polar Sea data
(JACOBS et al., 1989).

the Ross Sea continental shelf have been re-
viewed by Jacoss et al. (1985). Water on the
continental shelf is ultimately derived from
CDW, which has upwelled over the continental
slope north and east of the Ross Sea, and has
been modified by mixing with surface and slope
waters. Subsequent interactions with the atmo-
sphere, sea ice and glacial ice cool and reduce the
salinities of the shelf waters. These waters
eventually become cold and dense enough to
move back into and under the CDW to ventilate
the deep ocean much like the situation in the
Weddell Sea (WEISs et al., 1979; CHEN, 1984).
Partial equilibration with atmospheric CO: can
also occur through gas exchange and mixing

with surface and other shelf waters. Direct gas
exchange with the atmosphere, however, is lim-
ited in winter to breaks and polynyas in the sea
ice canopy (TRUMBORE et al., 1991) as sea ice is
not entirely permeable to gases (CHEN, 1988).
Aa a result, only limited amount of excess CO,
moves into the winter-formed deep waters on
the shelf. The partially ventilated deep water
mixes with the surrounding waters as it flows
out near the bottom, further diluting the excess
COs. Finally, the excess CO: becomes undetect-
able excpet in shallow waters or near an area
where vertical mixing of the water column oc-
curs quickly.

IGY 337 is an example where vertical mixing
occurrs quickly as evidenced by its uniformly
low temperature throughout the water column,
all between —1.2 and—1.8°C. The salinity var-
ies only between 34.4 and 34.5 below 100 m.
AQOU varies between 80 and 105 ¢ mol/kg below
100 m (Fig. 5). The relatively low temperature
and AOU are indications of rapid turnover.

Earlier work elsewhere has shown a correla-
tion between CFC-11 and excess CO. (CLINE et
al., 1985; CHEN, 1993b). The Polar Sea stations
87 and 92 sit on the continental slope (Fig. 1).
CFCs 11 and 12 are found throughout the water
column (to 339 m for PS 92 and to 2058 m for PS
87). Excess CO; probably also exists where
CFCs are found. The combined Polar Sea CFCs
show a decreasing trend when plotted vs. AQU
(Fig. 6), reaching zero at an AOU of only about
150 wmol/kg. The IGY and GEOSECS excess
CO:s: signals disappear at an AOU of only about
120 #mol/kg. Because of the poor precision of
the excess CO. signal, it can not be judged
whether the difference is because the excess CO,
(and CFCs) has penetrated deeper during the
Polar Sea expedition, reaching older, higher
AOU waters.

4. Conclusion

The excess CO. does not penetrate more than a
few hundred meters south of the Polar Front
near the Ross Sea except for a small area near
Cape Adare. As a result, the Ross Sea probably
has not been a significant excess CO: sink.
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